Objective. To differentiate juvenile polymyositis (PM) and muscular dystrophy, both of which may present with chronic muscle weakness and inflammation. Methods. We studied 39 patients with probable or definite juvenile PM and 9 patients with muscular dystrophies who were initially misdiagnosed as having juvenile PM. Differences in demographic, clinical, and laboratory results; outcomes; and treatment responses were evaluated by Fisher's exact and rank sum tests. Random forests classification analysis and logistic regression were performed to examine significant differences in multivariable models. Results. Clinical features and serum muscle enzyme levels were similar between juvenile PM and dystrophy patients, except 89% of dystrophy patients had muscle atrophy compared with 46% of juvenile PM patients. Dystrophy patients had a longer delay to diagnosis (median 12 versus 4 months) and were less frequently hospitalized than juvenile PM patients (22% versus 74%). No dystrophy patients, but 54% of juvenile PM patients, had a myositis autoantibody. Dystrophy patients more frequently had myopathic features on muscle biopsy, including diffuse variation of myofiber size, fiber hypertrophy, and myofiber fibrosis (44 -100% versus 8 -53%). Juvenile PM patients more frequently had complex repetitive discharges on electromyography and a complete response to treatment with prednisone or other immunosuppressive agents than dystrophy patients (44% versus 0%). Random forests analysis revealed that the most important features in distinguishing juvenile PM from dystrophies were myositis autoantibodies, clinical muscle atrophy, and myofiber size variation on biopsy. Logistic regression confirmed muscle atrophy, myofiber fibrosis, and hospitalization as significant predictors. Conclusion. Muscular dystrophy can present similarly to juvenile PM. Selected clinical and laboratory features are helpful in combination in distinguishing these conditions.
INTRODUCTION
The juvenile idiopathic inflammatory myopathies (IIMs) are a rare group of systemic autoimmune disorders characterized by chronic skeletal muscle inflammation of unknown causes, with onset at age Ͻ18 years (1) . Although juvenile dermatomyositis is the primary clinical subgroup of juvenile IIMs, juvenile polymyositis (PM) has a prevalence of 2-8% of all juvenile IIMs (2, 3) . Juvenile PM can be more difficult to diagnose because it lacks the characteristic cutaneous manifestations of juvenile dermatomyositis and has a different distribution of muscle weakness and myopathologic features (4, 5) .
Some forms of muscular dystrophies in children can mimic juvenile PM. However, juvenile PM and dystrophies have different biopsy characteristics, including immunopathologic features, but share some common clinical manifestations (6) . The histopathologic hallmark of juvenile PM is the presence of endomysial lymphocytic infiltration, but muscle inflammation has been reported in some dystrophies, including Duchenne's muscular dystrophy, facioscapulohumeral muscular dystrophy, limbgirdle muscular dystrophy type 2B, and congenital muscular dystrophy with primary merosin deficiency (4, 6) . Several patients were referred to our studies and clinics as having juvenile PM. However, upon detailed examination of their clinical features and review of their muscle biopsy specimens, followed by immunohistochemical or genetic testing, they were determined to have muscular dystrophies. We systematically examined demographic, clinical, and laboratory results; outcomes; and responses to therapy of patients with juvenile PM and those misdiagnosed with muscular dystrophy to better understand the distinguishing characteristics of these diseases.
PATIENTS AND METHODS
Patients. Thirty-nine patients with probable or definite juvenile PM by the Bohan and Peter criteria, defined as the absence of characteristic skin rashes of dermatomyositis, including Gottron's papules and heliotrope rash (7, 8) , and 9 patients with muscular dystrophies eventually diagnosed by standard clinical/genetic criteria (9, 10) 
Significance & Innovations
• Muscular dystrophy can present similarly to juvenile polymyositis (PM).
• Certain clinical and laboratory features can be helpful in distinguishing juvenile PM and muscular dystrophy, including myositis autoantibodies, as well as less frequent clinical muscle atrophy and myofiber size variation on muscle biopsy. (12) . Thirty-one patients were diagnosed with juvenile PM only and 8 patients were classified as having juvenile PM overlapping with a second autoimmune disease; the majority of patients have been previously reported (2) . Among the 8 patients with overlap myositis, 4 had juvenile PM overlapping with systemic lupus erythematosus, and 1 each had juvenile PM overlapping with ulcerative colitis, Sjögren's syndrome, eosinophilic fasciitis, and juvenile idiopathic arthritis in combination with Sjögren's syndrome. All juvenile IIM patients had a muscle biopsy sample consistent with an inflammatory myopathy; the majority of biopsy specimens were reviewed by 2 myositis researchers (LGR, FWM), often with pathologists from the Department of Neuropathology of the Armed Forces Institute of Pathology, Washington, DC, or by a muscle pathologist from the Department of Pathology at George Washington University (RVJ).
All patients with muscular dystrophies were initially enrolled by the treating physician as having juvenile PM, and their diagnosis was revised after review of their questionnaire data and muscle biopsy sample, followed by specialized immunohistochemical and/or genetic testing to confirm the specific diagnosis. Through genetic testing and/or immunohistochemical staining of the muscle biopsy specimen, 1 patient was found to have Duchenne's muscular dystrophy, 1 was a carrier for Duchenne's muscular dystrophy, 2 had facioscapulohumeral muscular dystrophy, 2 had Emery-Dreifuss dystrophy, 1 had dysferlin dystrophy, 1 had calpain deficiency, and 1 had limbgirdle dystrophy. Sera were tested for myositis-specific autoantibodies and myositis-associated autoantibodies by using validated immunoprecipitation and immunoblotting methods (13, 14) .
Statistical analysis.
GraphPad Instat for Windows, version 3.06 (www.graphpad.com) was used for basic statistical analyses. Summary data were expressed as medians and interquartile ranges (IQRs), and P values for differences between patient groups were obtained by the Mann-Whitney rank sum test. Fisher's exact test was used to compare proportions between groups. A P value of 0.05 or less was considered significant. Because the analyses were exploratory, correction for multiple comparisons was not performed. Random forests classification analysis was performed to further evaluate significant univariate differences between patients with juvenile PM and those with dystrophies (15) . The random forests classification algorithm was performed using the statistical language R (version 2.13.1, 2011; http://stat-www.berkeley.edu/users/ breiman/RandomForests/). Due to the difference in sample size between the groups, the data were resampled to ensure balance, using the method of undersampling from the larger group (15) . The statistical model had 500 forests and 20,000 trees per run, and the mean decrease in accuracy (MDA) was calculated. The mean out-of-bag error rate for the model was 6.7%. Backward stepwise logistic regres- sion analysis was also performed with significant variables from the univariable analysis using Stata, version 12.1. Variables significant in the univariable analysis with missing data could not be examined in the random forests analysis or by logistic regression modeling. Sensitivity, specificity, and positive and negative predictive values for juvenile PM versus dystrophy were calculated using the variables in the final logistic regression model using the prevalence of juvenile PM in the full sample (0.8).
RESULTS
Patients with muscular dystrophy had a longer delay to diagnosis (median 12.0 months) than patients with juvenile PM (median 4.0 months) ( Table 1 ). There was no difference in the age at diagnosis or racial distribution between patients with juvenile PM and muscular dystrophy. The female:male ratio was 3.3:1 in the juvenile PM group compared to 1.3:1 in the dystrophy group. Patients with dystrophies tended to have a more insidious disease onset (78% versus 38% in juvenile PM patients; P ϭ 0.06) ( Table 1 ). There was no difference in the frequency of a family history of autoimmune disease. Hospitalization was more frequent in patients with juvenile PM compared to patients with dystrophies (74% versus 22%; P ϭ 0.007).
The number of patients reporting use of a wheelchair was similar. Mortality did not differ between the 2 groups.
Regarding the clinical features of juvenile PM and muscular dystrophy (Table 2) , muscle atrophy was more frequent in patients with muscular dystrophy (89%) compared to those with juvenile PM (46%; P ϭ 0.027). Fever occurred more often in juvenile PM patients who had overlap myositis (62%) than in patients with muscular dystrophy (11%; P ϭ 0.05), but was not significantly different between the total juvenile PM group (47%) compared to those with dystrophies. The other reported clinical features did not differ between the 2 groups of patients. * Values are the number (percentage). Percentages may not reflect the number divided by the total number of subjects when data are missing. One patient with anti-Jo-1 also had anti-Ro and anti-La autoantibodies and another Jo-1-positive patient also had anti-U1 RNP and anti-Sm autoantibodies. Of the myositisassociated autoantibodies, 1 patient had both anti-Ro and anti-La autoantibodies, 1 patient had anti-U1 RNP and anti-Sm autoantibodies, and 1 patient had anti-U1 RNP, anti-U2 RNP, anti-Ro, anti-La, and anti-TMG cap autoantibodies. PM ϭ polymyositis; anti-SRP ϭ anti-signal recognition particle; anti-TMG ϭ anti-trimethylguanosine. † P ϭ 0.003. ‡ Some patients had Ͼ1 myositis-associated autoantibody. § P ϭ 0.008. ¶ P ϭ 0.02.
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The frequency of abnormal values and serum muscle enzyme levels, including creatine kinase, aldolase, lactate dehydrogenase, and transaminases, and the ratio of aspartate aminotransferase to alanine aminotransferase levels did not differ between juvenile PM and muscular dystrophy patients. For example, the median creatine kinase level was 7,439 units/liter (IQR 224 -53,896) in juvenile PM patients and 13,541 units/liter (IQR 551-56,941) in patients with dystrophies (P ϭ 0.5). The median aldolase level was 27 units/liter (IQR 3-217) in juvenile PM patients and 59 units/liter (IQR 8 -1,756) in patients with dystrophies (P ϭ 0.27).
Twenty-four patients (62%) in the juvenile PM group had a positive antinuclear antibody compared with 3 patients (33%) in the dystrophy group (Table 3) . Patients with juvenile PM were more frequently positive for one of the myositis autoantibodies (54%), but none of the dystrophy patients had a myositis autoantibody (P ϭ 0.003) ( Table 3) . Muscle atrophy on MRI of the thighs was more frequent in patients with muscular dystrophy compared to patients with juvenile PM (83% versus 19%; P ϭ 0.008) ( Table 3 ). The frequency of other MRI features, including muscle edema, myofasciitis, subcutaneous edema, and fatty replacement of the muscles, did not differ between juvenile PM and dystrophy patients. Complex repetitive discharges were more often reported in the EMGs of juvenile PM patients compared with dystrophy patients (70% versus 22%; P ϭ 0.02). The other EMG features (increased insertional and spontaneous activity in the form of fibrillation potentials, small amplitude polyphasic motor unit action potentials, and positive sharp waves) did not differ between the groups.
Comparing the muscle biopsy characteristics of juvenile PM and muscular dystrophy patients (Table 4) , patients with dystrophies more often had diffuse variation of myofiber size (100% versus 53%; P ϭ 0.008), as well as fiber hypertrophy (44% versus 8%; P ϭ 0.018) and myofiber fibrosis (56% versus 10%; P ϭ 0.007). Other histopathologic features on muscle biopsy, including inflammatory changes, did not differ between the 2 groups (Table 4) .
In terms of therapy, 1 muscular dystrophy patient was treated with prednisone alone and 8 were treated with prednisone in combination with other immunosuppressive agents, whereas 9 juvenile PM patients were treated with prednisone alone and 30 were treated with a combination of prednisone and other immunosuppressive agents. Methotrexate alone was the most frequently used immunosuppressive agent in both juvenile PM patients (40%) and muscular dystrophy patients (56%). The absence of a clinical response to treatment was more frequent in patients with dystrophies compared to those with juvenile PM (33% versus 0.0%; P ϭ 0.005). There were no differences in the frequency of partial clinical responses to treatment. None of the dystrophy patients had a complete response to therapy, whereas 43.6% of patients with juvenile PM had a complete clinical response (P ϭ 0.018).
Random forests analysis was used to examine the 9 distinguishing features between juvenile PM and dystrophies that were significant on univariate analysis and for which no data were missing; 3 juvenile PM patients were excluded from this analysis due to missing variables. Random forests analysis revealed that myositis autoantibodies were best for discriminating juvenile PM from dystrophies (average MDA score 100.0), followed by clinical muscle atrophy (MDA 45.0), diffuse variation in myofiber size (MDA 35.9), and total response to immunosuppressive therapy (MDA 32.0).
Multivariate logistic regression analysis revealed that more frequent hospitalization (odds ratio [OR] 32.8, 95% confidence interval [95% CI] 2.2-478.5), less frequent myofiber fibrosis on biopsy (OR 0.06, 95% CI 0.004 -0.77), and less frequent muscle atrophy on examination (OR 0.067, 95% CI 0.033-1.21) were significant predictors of juvenile PM compared to dystrophy. Because none of the dystrophy patients had a myositis autoantibody, a point estimate could not be obtained for this variable. The final multivariable model using hospitalization, myofiber fibrosis on biopsy, and clinical muscle atrophy provided a sensitivity of 91.4% and a specificity of 77.8% for detecting juvenile PM versus dystrophy, with a positive pre- 
DISCUSSION
Distinguishing between juvenile PM and muscular dystrophies can be clinically challenging, since both conditions are characterized by the presence of chronic muscle weakness and inflammation and share a number of clinical features. As demonstrated here, 9 muscular dystrophy patients were initially misdiagnosed as having juvenile PM and were correctly diagnosed only after further careful evaluation, including eventual pathologic or genetic testing. We systematically examined many different characteristics of patients with juvenile PM or defined muscular dystrophies, including demographics, clinical findings, laboratory results, outcomes, and treatment responses, to identify distinguishing features of these conditions. Compared to patients with juvenile PM, patients with dystrophies had more frequent muscle atrophy clinically and on MRI, did not have myositis autoantibodies, and had certain myopathic muscle biopsy findings more frequently, including the presence of diffuse variation of myofiber size, fiber hypertrophy, and myofiber fibrosis. Patients with juvenile PM, in contrast, were more often hospitalized and more frequently had a clinical response to treatment with prednisone and/or other immunosuppressive agents.
Many of the clinical and demographic features and the serum muscle enzyme levels were indistinguishable between juvenile PM and dystrophy patients. This suggests that further investigation and careful evaluation are needed for children presenting with muscle weakness and enzyme changes without the characteristic skin rashes of juvenile dermatomyositis. The level of creatine kinase elevation (16) or the presence of muscle edema on MRI (17, 18) has been noted to be similar in adult patients with PM and dystrophies, as we also observed in this pediatric study. We did not have information on other inflammatory markers, such as neopterin or von Willebrand factor antigen level (1), and differences in these variables between patients with juvenile PM and dystrophies. Endomysial lymphocytic infiltrates, considered to be a hallmark of PM, are frequently present in certain dystrophies (19, 20) . We did not observe differences in the inflammatory features of the muscle biopsy samples of juvenile PM and dystrophy patients.
Some of the features we found that differentiate juvenile PM from muscular dystrophies have been noted individually by others in distinguishing adult PM from dystrophies, based on case reports and limited clinical experience, or based on examination of a single laboratory test, rather than from a systematic investigation such as this one. Prior distinctions between PM and dystrophies have included a slower rate of progression and lack of response to immunosuppressive therapy in dystrophy patients (17, 19, 20) , as well as a stronger family history of autoimmune disease in patients with IIMs (21) . The higher frequency of a positive antinuclear antibody test and the presence of myositis autoantibodies in patients with PM and not in patients with dystrophies also have been observed previously (17, 22, 23) and were confirmed here.
Patients with dystrophies often have weakness in other muscle groups or additional clinical manifestations, such as muscle hypertrophy, scapular winging, spinal rigidity, and macroglossia, which are absent in patients with PM, and they may have a family history of muscle disease (24, 25) . However, those features were not part of our questionnaire and therefore could not be assessed.
The differences in the biopsy features that we observed included the myopathic features, which were more frequent in the dystrophy group, including myofiber size variation, fiber hypertrophy, and hypercontracted fibers. In a previous study in which 13 patients were misdiagnosed with juvenile PM and had undetected dystrophies, the distinguishing biopsy features in patients with dystrophies included subsarcolemmal blebbing, isolated fiber degeneration without accompanying inflammation, and a perimysial infiltrate consisting of macrophages (6). We did not find differences in these latter biopsy features in this study and did not examine subsarcolemmal blebbing. The presence of diffuse class I major histocompatibility complex (class I MHC) antigen expression on the sarcolemma of muscle fibers is an important feature for distinguishing inflammatory from noninflammatory myopathies (26 -28) . However, class I MHC antigen staining of myofibers has also been described in some forms of dystrophies, including dysferlinopathies and Duchenne's muscular dystrophy (29) . We did not have access to class I MHC staining. The common biopsy features of juvenile PM included not only endomysial inflammation, but also the frequent presence of perimysial and/or perivascular inflammation, myofiber degeneration/regeneration, and even perifascicular atrophy, which are thought to be characteristic of dermatomyositis (30) .
A strength of our study is the simultaneous examination of many features of similar, and often misdiagnosed, muscle diseases to determine which are most strongly associated with juvenile PM versus the dystrophies. However, because not all patients had an MRI or EMG examination, we were unable to analyze these particular test results in multivariable modeling. We were also unable to examine differences in the time to treatment responses because of an absence of detailed response to therapy data over time. Due to the rarity of these conditions, the small sample sizes also limited the power of the multivariable modeling and the overall study. The population of patients studied also may have potential selection bias, in that the majority of patients were submitted by rheumatologists. Given the multiple comparisons made, the findings would be susceptible to Type I error, although this is preferred to avoid rejecting the null hypothesis too readily in exploratory analyses (31) . Future studies are needed to confirm the robustness of these data when applied to a larger population.
In conclusion, muscular dystrophy can present clinically very similarly to juvenile IIM, particularly juvenile PM. Specific clinical findings, responses to immunosuppressive therapies, and laboratory test results help distinguish muscular dystrophy and juvenile PM.
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